The mitogenic activity of influenza virus is a function of the hemagglutinin (HA) molecule. Purified HA is mitogenic for murine B lymphocytes but not T lymphocytes. Furthermore, like the intact virus, HA of the H2 (but not H3) subtype is mitogenic only for B cells expressing the class II major histocompatibility complex glycoprotein I-E. Since virus bearing uncleaved HA is as mitogenic as virus bearing cleaved HA, the membrane fusion activity of the HA molecule is not involved.
Many strains of influenza virus A are mitogenic for murine B lymphocytes in vitro (2, 4) . Several observations indicate an important role for the hemagglutinin (HA) molecule in the mitogenic process: (i) mitogenesis is specifically inhibited by monoclonal anti-HA antibodies (2) ; (ii) mitogenic activity differs for viruses of different HA subtype (viruses of the Hi subtype are only weak mitogens, whereas viruses of the H2, H3, and H6 subtypes are moderate to strong mitogens [2] ); (iii) two distinct mechanisms of mitogenesis operate, depending on the HA subtype of the virus. Viruses of the H2 and H6 subtypes are strongly mitogenic only for lymphocytes from strains of mice that express the cell surface class II major histocompatibility complex glycoprotein I-E, and competition experiments with monoclonal anti-I-E antibody suggest that these viruses interact directly with I-E molecules on the B-cell surface (15, 16) . In contrast, the mitogenic response to viruses of the H3 subtype is independent of I-E expression. In no case does the particular subtype of the viral neuraminidase (NA) glycoprotein appear to affect mitogenic activity or specificity.
These observations suggest that interaction of the viral HA with the lymphocyte membrane is a critical event in the induction of mitogenesis by influenza virus. The question arises of whether this interaction alone is sufficient for transmission of a mitogenic signal. Viral infectivity is not required for the mitogenic activity of influenza virus (2, 4) , but the possibility exists that some event subsequent to HA attachment, possibly fusion of viral and lymphocyte membranes, or some role for the viral NA may be essential for activation of the B lymphocyte. Armstrong et In this study, we examined the mitogenic activity of purified HA isolated from detergent-disrupted influenza virus. The two strains of influenza virus A used were the * Corresponding author.
recombinants JapH-BelN = A/Japan/305/57 x A/Bel/42 (H2N1), and PNGH-Be1N = A/Papua New Guinea/75 x A/Bel/42 (H3N1). Viruses were grown in the allantoic cavity of embryonated hen eggs and then purified by rate-zonal centrifugation. To prepare isolated HA, purified virus (1 to 3 mg) was incubated for 1 h at 37°C in phosphate-buffered saline (pH 7.3) containing 30 mM n-octyl-p-D-glucoside (Sigma Chemical Co.) and 0.1% sodium azide and then centrifuged in a Beckman air-driven centrifuge (100,000 x g, 15 min, 4°C). The supernatant fraction was analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions (12) and found to contain the two viral glycoproteins HA and NA, together with a small amount of nucleoprotein (NP) (Fig. 1A, lane c) . To obtain purified HA, NA was removed by passing the glycoprotein fraction over a column of Sepharose 4B to which had been coupled immunoglobulin G from a monoclonal antibody against strain Bel (N1) NA. More than 99% of the NA was removed from the HA-NA preparation by this procedure, as shown by SDS-PAGE (Fig. 1A , lane e), and by assaying for NA enzymic activity by the release of sialic acid from fetuin (14) (Fig. 1B) . For some experiments, HA was also freed of contaminating NP by passage over an immunoadsorbent column containing an anti-NP monoclonal antibody that recognized the NP of both viruses (Fig. 1A To identify the class of lymphocyte that proliferates in response to the mitogenic action of influenza viral HA, BALB/c spleen cells were depleted of T or B lymphocytes. T-cell depletion (B-cell enrichment) was achieved by first treating mice in vivo with anti-thymocyte serum 2 days before sacrifice and then treating the spleen cells in vitro with anti-T-cell serum plus complement (1). B-cell depletion (T-cell enrichment) was achieved by passing spleen cells twice through nylon wool columns under conditions that remove most of the B cells and adherent accessory cells (7); accessory cells were then replaced in the form of -y-irradiated (2,200 R) syngeneic spleen cells (1, 2) . The effectiveness of each procedure is shown in Fig. 2 . The T-cell-depleted (B-cell-enriched) population proliferated normally in response to the B-cell mitogen LPS but showed no response to the T-cell mitogen ConA, while the B-cell-depleted (T-cellenriched) population proliferated normally in response to ConA but almost not at all in response to LPS. HA purified from both JapH-BelN (H2) and PNGH-Be1N (H3) viruses, like the parent viruses themselves, were mitogenic for B cells but not at all for T cells. There is some indication that the mitogenic response of B cells to isolated HA may not be as absolutely T-cell independent as is their response to intact virions, since the response of B cells to HA was somewhat lower than the response of unseparated spleen cells.
We showed previously that influenza viruses of the H2 subtype are strongly mitogenic only for strains of mice that express cell surface I-E molecules, namely, strains of mice bearing the Ia.7 marker. In contrast, the mitogenic response to viruses of the H3 subtype is independent of I-E expression (15, 16) . To investigate whether the same holds for purified HA as mitogen, Jap HA (H2) and PNG HA(H3) were tested Table 2 show that each of the HA preparations displayed the same pattern of activity as the intact virus, PNG HA being mitogenic for all the mouse strains tested but Jap HA being mitogenic only for Ia.7+ strains of mice. The function of HA in the infection of a host cell by influenza virus is not only to mediate virus adsorption but also to mediate fusion of the viral envelope with the membrane of a phagolysosome, bringing about uncoating of the virion. Fusion activity is associated with the N terminus of the HA2 chain of proteolytically cleaved HA, which is the form of HA existing in egg-grown virus (11) . Virus bearing uncleaved HA lacks fusion activity (6, 18) . To determine whether the mitogenic activity of influenza virus depends upon the fusion function of the HA molecule, stocks of JapH-BelN and PNGH-BeIN viruses bearing uncleaved HA (HAo) were prepared by growth in Madin-Darby canine kidney (MDCK) cells in the absence of trypsin (11) followed by differential centrifugation of the culture supernatants collected after 24 h. To verify that the viral HA produced was in fact uncleaved, some of the cultures received
[35S]methionine (30 pXCi/ml). A portion of the 35S-labeled and unlabeled virus stocks was subsequently treated in vitro with 50 ,ug of trypsin (Difco) per ml for 1 h at 37°C. The unlabeled virus preparations were used in a proliferation assay, described below. The 35S-labeled virus preparations were disrupted with lysis buffer (0.05 M Tris [pH 7.5], 0.6 M KCl, 0.5% Triton X-100), immunoprecipitated with monoclonal antibodies directed against the HA of each virus, and subjected to SDS-PAGE under reducing conditions, as described by Kida et al. (8) . The HA in the MDCK-grown JapH-BelN and PNGH-BeIN virus stocks was present in the form of the uncleaved precursor HAO, whereas HA from trypsin-treated virus was entirely in the cleaved form, migrating on a reducing gel as the two constituent polypeptide chains HA1 and HA2 (Fig. 3) .
The mitogenic activities of virus preparations bearing cleaved and uncleaved HA were then compared (Fig. 4) both JapH-BeiN and PNGH-BeIN viruses, virus bearing uncleaved HA was just as mitogenic as virus with cleaved HA, indicating that the fusion activity of HA is not involved in mitogenesis by influenza viruses. McSharry and coworkers (9, 13) found that the mitogenic activity of Sendai virus glycoproteins resides mainly with the fusion (F) glycoprotein, rather than the hemagglutinin-neuraminidase (HN) glycoprotein. The question of whether fusion activity is actually required for mitogenesis by F glycoprotein was not addressed in those reports, however, since the glycoproteins were derived only from egg-grown Sendai virus which bears the cleaved, fusion-active form of F (5, 17) .
In summary, the mitogenic activity of influenza virus is mediated by the HA molecule, does not require the fusion activity of HA, and most probably results from a lectinlike interaction of the viral HA with particular sialylated B-cell surface receptor molecules, which, on cross-linking, are capable of transducing an activation signal into the B cell; for HA of the H2 subtype, the receptor may be the I-E molecule (15, 16 that the differing mitogenic activities of different strains of influenza virus are directly related to the receptor-binding specificity of their HA molecules (la) .
